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-_ ABSTRACT 

Bal l -mi l led  s i n t e r e d  magnesia of s eve ra l  d i f f e r e n t  p u r i t y  l e v e l s  and i a l c i n e d  mag- 
nesia  were pressed i n t o  r i g h t  cy l inde r s  and f i r e d  t o  1700°C (3092"F)/6 hours .  
a r d  t e s t s  t o  determine the  comparative mechanical p r o p e r t i e s  of t hese  materials 
were run  and t h e  r e s u l t s  are summarized below. Development of a labora tory  method 
f o r  g ranu la t ing  magnesia and f a b r i c a t i o n  of va r ious  shapes i s  a l s o  b r i e f l y  covered 
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STANDARD TESTS 

High Temperature Cteee 

The loading and temperature v a r i a b l e s  used t o  s t a r t  wi th  were based on those t o  be 
encountered in  t h e  s to rage  hea te r  a t  Ames. Increased  loading was not a t tempted i n  
the  2200°C (3992OF) tes ts  ( t h i s  w i l l  be done i n  the  near f u t u r e ) ,  but a r b i t r a r y  load- 
i n g  va lues  i n  excess of maximum s torage  h e a t e r  requirements  were f i n a l l y  used i n  t h e  
l7OO"C (3092°F) creep tes ts ,  because no measurable c reep  could be de t ec t ed  a t  t h e  
minimum load .  Work i s  incomplete t o  da te ,  and more meaningful r e s u l t s  a r e  a n t i c i p a t e d  
when longer  soak per iods a r e  used (maximum per iod  used t o  d a t e  - 24 hour s ) .  Most of 
t he  work done so f a r  has been of an  explora tory  na tu re ,  enabl ing  us t o  l e a r n  which 
type and p u r i t y  l e v e l  of MgO e x h i b i t s  t he  most promising c reep  r e s i s t a n c e .  Based on 
comparative tes ts ,  the  96% pure MgO does not  possess  adequate creep r e s i s t a n c e ,  but  
t he  o the r  types of Mg0, 98% p u r i t y  and above, appeared t o  be s u i t a b l e . ,  

Compressive S t rength  at Elevated Temperature 

Some d i f f i c u l t i e s  were encountered i n  choosing a ram material fo r  the compressive 
s t r e n g t h  equipment, but  h igh  p u r i t y  alumina was f i n a l l y  used success fu l ly .  Tests 
run  so  f a r  have been made a t  1400°C (2552°F). miser's ca l c ined  MgO was found t o  
have the  h ighes t  s t r e n g t h ,  approaching 16,000 P S I .  
i t e d  t h e  lowest, about 2300 PSI, suggest ing t h a t  a t  t h i s  p u r i t y  l e v e l ,  s u f f i c i e n t  
l i q u i d s  are forming t o  weaken t h e  s t r u c t u r e  of the  t e s t  specimen. 

The 96% pure s i n t e r e d  MgO exhib- 

Thermal Shock 

Specimens were cycled i n  the reg ion  1200°C (2192'F) t o  2DOO"C ( 3 6 3 2 " ~ )  a t  a heat. /cool 
ra te  of 
t o  shock under t e s t  condi t ions ,  and Kaiser's ca l c ined  MgO was the  most s u s c e p t i b l e .  

200°C (392°F) p e r  minute.  Kaiser's s i n t e r e d  K-Grain was the  most r e s i s t a n t  

Densi ty  

A l l  specimens which underwent t h e  s tandard tes ts  were f i r e d  t o  1700°C (3092 F )  for 6 
hours .  
(3092°F) and 2200°C (3992°F).  
t o  dimensional changes because of t h i s  shr inkage than  specimens made from ca lc ined  MgO. 
Since s t r u c t u r a l  s t a b i l i t y  i s  an  important c r i t e r i o n  f o r  good s to rage  hea te r  media, 
s i n t e r i n g  shr inkage must be reasonably complete a t  the contemplated ope ra t ing  temper-  
a t u r e s .  To d a t e ,  s i n t e r e d  r i g h t  cy l inde r s  have ranged i n  d e n s i t y  from 76% t o  96% of 
t h e o r e t i c a l  dens i ty ,  depending on the  s t a r t i n g  material and the  forming techniques 
emp 1 oye d . 

Shrinkage due t o  f u r t h e r  s i n t e r i n g  was noted during c reep  tes ts  a t  b o t h  l7OO"C 
The s i n t e r e d  g r a i n  specimens appeared t o  be more prone 
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Vaporization . 

Although specific tests were not undertaken to determine MgO vaporization (see 
Progress Report No. I), two creep tests run at 2200°C (3992'F)/2 hours under similar 
conditions yielded some interesting secondary data. The 96$ MgO specimen underwent 
a small weight loss, and the 9 8  MgO a considerable weight gain. From previous work 
at 220Q"C (3992"F), we have been aware of the fact that vaporized MgO produced from 
the furnace lining tends to condense on the specimens as well as elsewhere. Thik 
phenomenon leads us to believe that, assuming a relatively constant rate of MgO con- 
densation, the 96% MgO specimen has itself lost mass due to volatilization of low 
melting point constituents. 

Granulation 

We have been primarily concerned with the development of a laboratory method for 
granulating MgO, with emphasis on calcined MgO in a non-aqueous system. After testing 
and evaluating several resins and other organic materials, a satisfactory system was 
developed. Although not me'8nt to produce more than modest amounts of granulated pow- 
der, it nevertheless will suit our needs at present. 

FABRICATION OF SHAPES 

Modified Spheres 

Both Kaiser's sintered K-Grain (984 MgO) and Kaiser's calcined MgO were pressed into 
spheres and fired to l7OO"C (3092°F). 
during the pressing operation tended to set up stresses and cracks in the specimen. 
Die function may be contributing to this problem. 

The mechanical behavior of the calcined MgO 

Hexagonal Tored Shapes 

Specimens were successfully pressed from Kaiser's sintered K-Grain in initial work to 
check on the proper functioning of the die parts. These specimens were fired to 1~00°C 
(3092°F) for one hour. 
ible cracks were present. 

Maximum density observed was 76.7% of theoretical, and no vis- 

Isostatically-pressed Tubers 

Our involvement with the standard test procedures and granulation study prevented the 
fabrication of additional tubes by isostatic pressing. 
the immediate future. 

This will be accomplished in 

FUTURE WORK 

Emphasis will be placed on relating microstructure to firing time/temperature, den- 
sity, compressive strength and thermal shock resistance. Continued efforts will be 
made to fabricate tubes, modified spheres and cored brick with good structure and 
density. 


